Platelet preparations such as plasma rich in growth factors (PRGF), platelet-rich fibrin (PRF), or enamel matrix proteins (Emdogain) are commonly used for soft and hard tissue regeneration. However, their comparative effectiveness has not been extensively studied, and a consensus has yet to be reached on their efficacy.
Introduction
The final aim of periodontal therapy is to establish a healthy periodontium and, if achievable, restore lost form and function [1] . Healing of periodontium requires the balanced involvement of gingival connective tissue, periodontal ligament, cementum, and bone [2] . Final appearance and function of tissue may be influenced by different factors affecting the healing process. On the other hand, the final tissue can be a non-functional fibrous (scar) tissue, partially functional repaired tissue or a completely regenerated functional tissue [3] .
In the ideal healing process, all the components of attachment apparatus are restored similar to the course of normal development [4] . However, it has been shown that periodontal wound healing after conventional periodontal therapy most commonly leads to the formation of a fibrous tissue and apical migration of gingival epithelium between the gingival connective tissue and the root surface. This healing process does not constitute regeneration [5] .
The Effect of PRF, PRGF and Emdogain on Migration of Gingival Fibroblasts
Talebi Ardakani MR, et al. 10.30476/DENTJODS.2019.44917 Gingival fibroblasts are the dominant cells in the healthy gingival connective tissue and play an important role in its development by maintaining the composition and structural integrity of the extracellular matrix. Fibroblasts have also remodeled collagen during the connective tissue healing [6] . After tissue injury, wound healing requires the presence of cells with regenerative capacity at the healing site. In this phenomenon, fibroblasts should be able to stabilize and start matrix formation. On the other hand, adhesion of fibroblasts to extracellular matrix is of special importance in maintaining proper cell morphology, cell function, and tissue integrity [7] . Therefore, regarding the influence of biologic agents on cellular activity, the gingival fibroblast cell line is of main importance. Considering their relative advantages, they can be easily isolated from the patients and can grow fast in a normal culture medium Platelet concentrates are products obtained after processing the whole blood, mostly through centrifugation.
There are custom-made systems or many techniques commercially marketed for production of platelet con-centrates among which plasma rich in growth factors (PRGF) is broadly presented. PRGF includes several growth factors and bioactive proteins that facilitate the process of wound healing and tissue regeneration [17] .
Several researchers have indicated improved recovery
and new bone formation following the use of PRGF [18] [19] . However, such results have not been reported in some other studies [2, 20] .
Pure platelet-rich fibrin (PPRF) is by definition a preparation without leukocytes with a high-density fibrin matrix. The fibrin matrix per se has significant effects on the differentiation of osteoblasts since it traps the platelets and cytokines, which are probably released after a certain period [21] . The LPRF membrane slowly releases high volumes of growth factors such as transforming growth factor-beta 1 (TGF-1), platelet-derived growth factor AB (PDGF-AB), vascular endothelial growth factor (VEGF) and other matrix glycoproteins for at least seven days [22] [23] .
In the process of natural healing, platelets aggregate and release growth factors [24] . The results of a study by Tuan et al. [25] on the role of fibrin in tissue healing showed that fibroblasts have the ability to reconstruct a fibrin matrix and initiate collagen production. In this respect, it appears that platelet-rich fibrin (PRF) compact fibrin matrix plays a role in the stimulation of wound healing process. Additionally, PRF can lead to a controlled release of growth factors over time [26] as the levels of TGF-1and PDGF-AB in the PRF increase up to day 14 and decrease afterward. LPRF can provide a long-term release of growth factors and maintains the potential to cause a delay in maximum release values [17] .
For further clarification of the mechanism underlying the observed in vivo effects of these biologic prod-ucts, the present study was designed to examine and compare the effects of PPRF, LPRF, PRGF, and Emdogain on gingival fibroblasts.
Materials and Method

Preparation of PRF and PRGF
Blood samples were collected from a 30-year-old, nonsmoker, healthy volunteer after obtaining her written informed consent. To prepare LPRF, 27ml of the venous blood was poured into three dry blood collecting tubes (Blood collecting tubes ® , Process, Nice, France) without anticoagulants. According to Choukroun's protocol, the tubes were immediately centrifuged at 2700 rpm for 12 minutes (approximately 400 g) and a com- 
Statistical analyses
The assay was performed in triplicate for each group.
The mean percentage of wound filling in each group was calculated and intergroup comparisons were performed using one-way ANOVA. P-values of less than 0.05 were considered as statistically significant. 
Results
An image of stained cells at one week is shown in Figu
Discussion
Cell proliferation and migration are an essential part of wound healing that may be simply assessed through wound healing/scratch assay [27] . The present study Vahabi et al. [33] reported that the application of PRGF caused a significant increase in proliferation of cells at 24, 48 and 72 hours in comparison to 1% FBS and 10% FBS. While, PRF led to a significantly increased proliferation in the test group only at 24 h compared to the control group. It had converse effects on cell proliferation at 48 and 72 h. This was in contrary to the results of a study by Dohan et al. [34] that revealed the stimulatory effect of PRF membrane on HGF proliferation in 3, 7, 14 and 21 days compared to the control group. Likewise, in the present study, although not statistically significant, PPRF induced more proliferation and resulted in more wound filling percentage than PRGF at both 48 h and one week. However, the method of our study was different. In the current study, we used in vitro scratch assay, which is a straightforward and economical method to study cell migration in vitro and evaluates both proliferation and migration of cells along the artificial wound space [27] . The controversial results might also be attributed to the differences in platelet count, the time interval between the centrifugation of blood samples and PRF preparation and its exposure to the culture medium. According to a report by Liu et al. [35] , cell proliferation rate is pH-dependent and higher platelet concentrations lead to a change in pH, which has a negative effect on fibroblast proliferation. The platelet concentration in PRGF is two or three times more than the normal level, which is ideal for cell proliferation [36] [37] . Since the platelets are entrapped in the compact LPRF mesh, it is not feasible to count the number of platelets in LPRF [38] . In this study, PRF and PRGF were obtained from the same donor to eliminate any possible confounding effect caused by interindividual variations. In addition to the number of platelets, their function in creating a fibrin gel is important in stimulating biological mechanisms [39] [40] . Accordingly, their effect on cell growth and proliferation is better to be examined as a whole element rather than separate components [33] . The minimum diameter of culture plates was 60 mm, which avoids the compression of cultivating cells while adding the fibrin clot is 60 mm [41] .
In our study, adding LPRF to the culture medium resulted in the lowest percentage of wound filling, even lower than the negative control. This finding might be explained by deleterious biological effects of matrix metalloproteinases 8 and 9 produced by neutrophils [28] . In addition, neutrophils may induce tissue damage by releasing reactive oxygen species in the inflammatory phase of tissue injury [42] . However, some authors emphasize on the potential ability of leukocytes in proliferation, differentiation, and immunity [43] . To date, no consensus has been reached on the inclusion of leukocytes in platelet products, and further investigation is required to determine the effects of leukocytes completely. Accordingly, until confirmation of this issue in future studies, use of platelet products lacking leukocytes is more prudent.
The mitogenic activity of the platelet supernatant is not limited to its growth factor content [40] ; whereas; microparticles and platelet membrane fragments play a significant role under in vitro conditions [4] . Except for few studies [34, 41] , other laboratory studies evaluated the effects of PRP and PRF supernatant and this issue is an important limitation of our study. Since we only assessed the growth factors and proteins presented in the exudate of these two materials under the mentioned conditions, the actual effects of the whole products were disregarded. PRF is a compact fibrin with a unique matrix structure and cell content and its exudate is not the only derivative of this product. Furthermore, although PRP is a homogenous liquid product, its exudates are not the only present active component and aggregation of platelets for fibrin gel formation stimulates many biological mechanisms [39] [40] .
Mitogenic effects of Emdogain on HGF have been reported in a number of studies [45] [46] . Zedlich et al.
[16] demonstrated that application of 100 g/ml 
